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Ultrasound Diagnosis of Acute Appendicitis:
Impact on Cost and Outcome in
Pediatric Patients
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Background: There are only a few reports on the influence of ultrasound (US)
diagnosis on the outcome of appendectomies in children. The purpose of this study
was to define patterns of care and outcomes of appendectomies in children who
underwent preoperative US examinations and compare them with children who did
not in two consecutive periods of time.
Materials and Methods: This study included 347 consecutive pediatric patients
with clinically suspected acute appendicitis, of whom 200 subsequently underwent
surgery and were proven to have appendicitis. Two pediatric surgeons clinically
evaluated 113 patients (group A) without US examinations over 34 months. The
other 87 patients (group B), enrolled in the following 24 months, were referred
for US examination before surgery. Graded compression US examination was applied
using 7.0–10-MHz linear array transducers. A detailed US examination of the right
lower abdomen was followed by a general survey of the whole abdomen to decrease
the possibility of misdiagnosis. Costs were compared in the two groups.
Results: A total of 153 pediatric patients with acute appendicitis and adequate
data were included for cost analysis, 91 in group A (mean age, 8.4 years) and 62
in group B (mean age, 8.2 years). Using the reimbursement code for 1998, the total
savings per person was NT$2,210 (US$69) with US diagnosis. If this amount was
applied to all 165 patients undergoing appendectomy in 1998 (not only children),
the total savings for the year could be as high as NT$364,650 (US$11,395). If a
special group of patients with more bizarre clinical patterns were included, the
savings per patient would be NT$3,382 (US$106). The total length of hospital stay
and complication rate in group A was significantly longer and higher, respectively,
than in group B (p < 0.05).
Conclusion: Routine US study in pediatric patients with suspected acute appendicitis
is a worthwhile diagnostic procedure that may save money, shorten hospital stay,
decrease the complication rate, and avert unnecessary surgery.
(J Med Ultrasound 2004;12:69–74)
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INTRODUCTION
One of the most common causes of acute abdominal
pain in children is acute appendicitis, and appen-
dectomies account for 1% of all surgical procedures
in children [1,2]. Children with acute appendicitis
usually present with characteristic clinical symptoms,
including localized right lower quadrant pain and
tenderness, nausea, vomiting, abdominal muscle
guarding, as well as discomfort in the psoas. The
diagnosis of appendicitis is, therefore, primarily
clinical, and most patients bypass imaging study and
undergo laparotomy with appendectomy. However,
as many as 20–30% of patients with acute appendicitis
have atypical clinical symptoms [3–5]. This figure
may be even higher in children [6]. In addition, other
abdominal conditions may mimic acute appendicitis.
The high number of unnecessary exploratory appen-
dectomies (up to 15–20%) has been considered neces-
sary to decrease the morbidity and mortality due to
delayed or missed diagnoses [7–9]. To better avoid
unnecessary appendectomies and illness and mortality
due to a ruptured appendix, many investigators use
ultrasound (US) or computed tomography (CT) in
the evaluation of clinically difficult cases [10–13].
Both US and CT are highly accurate in the diagnosis
of acute appendicitis (90% and 95%, respectively)
[10–13]. US is widely used to evaluate patients with
abdominal and/or pelvic pain who do not demonstrate
the classic clinical features of acute appendicitis and
is an accurate diagnostic tool [6,10,11,14,15]. How-
ever, there are few reports on the influence of US
on the outcome of appendectomies in children [16,
17]. The purpose of this study was to define patterns
of care and outcomes of appendectomies in two
groups of children, those with and without preopera-
tive US examinations over two consecutive time
periods. The cost-effectiveness of US in relation to
the changed pattern of patient care was also reviewed.
MATERIALS AND METHODS
The study included 347 consecutive pediatric patients
with clinically suspected acute appendicitis over a
period of nearly 5 years. One hundred and ninety-
six patients were enrolled in the first 34 months,
and 151 patients in the second 24 months. All pa-
tients had a complete medical history taken, phys-
ical examination, and laboratory studies for inflam-
matory processes. Two hundred patients subsequently
underwent surgery. The first 113 patients (group A)
were clinically evaluated by two experienced pediatric
surgeons without US examination over 34 months.
The other 87 patients (group B) enrolled in the
following 24 months were routinely referred for US
examination after clinical evaluation. All US examina-
tions were done by three experienced sonographers.
The patients ranged in age from 3 months to 16
years in group A and from 10 months to 18 years
in group B.
US examination was performed using real-time
scanners. Graded compression US examination was
applied using 7.0–10-MHz linear array transducers
and occasionally combined with a 5-MHz linear
transducer. The XP 10 (Acuson, Mountain View, CA,
USA) and HDI 3000 (Advanced Technology
Laboratories, Bothell, WA, USA) were used to pro-
vide high-quality images. Routine US examination
procedures for appendicitis were based on techniques
described previously [17–19]. In addition to searching
for an inflamed appendix, sonographers carried out
a more detailed US review of the right lower abdomen
including bowel loops, the right psoas muscle, right
kidney and proximal ureter, pelvic organs (especially
among female patients), and distal ureters. This
comprehensive abdominal US examination was
performed to decrease the possibility of misdiagnosis.
The US criteria for acute appendicitis included a non-
compressible tubular structure with a blind end repre-
senting an appendix (long-axis scan), an enlarged
appendix with the outer diameter exceeding 6 mm,
and the presence of an echogenic center, presenting
as a “target sign” on short-axis scan; a shadow-casting
fecolith or relatively hypoechoic pus collection in
the lumen of the appendix might be present [20–22].
All patients were followed up clinically if US
or clinical judgment was not indicative of acute
appendicitis. A 6-month follow-up was considered
adequate for obtaining a final diagnosis. US and
clinical judgment were classified as positive or
negative. The care and outcome of patients who
underwent appendectomies were reviewed for the
two groups by two authors. Patients without outpatient
department (OPD) follow-up were contacted by
telephone to document the clinical outcome. Collected
data were reviewed and analyzed. Some individuals
with poor data were excluded. Groups were compared
taking into account the relative risk of complications
in patients with simple acute appendicitis versus
those with gangrenous or perforated appendicitis.
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Study parameters included complications and total
length of hospital stay. Patients with readmission
were not specified, but the number of hospital days
was totaled. Results were analyzed using the Chi-
squared and Student’s t tests and considered statis-
tically significant at an alpha level of 0.05.
RESULTS
Sufficient data were collected for 153 pediatric
patients who had undergone surgery for acute
appendicitis: 91 in group A and 62 in group B.
Group A included 49 boys and 42 girls, ranging in
age from 3 months to 16 years (mean, 8.4 years).
Group B included 33 girls and 29 boys aged 3–17
years (mean, 8.2 years). The costs of medical care
and the length of the hospital stay in groups A and
B are shown in Tables 1 and 2, respectively.
We examined 151 patients with US; 87 patients
had appendicitis confirmed through surgical findings
and pathologic examination of the specimens and
64 did not have the disease (63 confirmed at clinical
follow-up and one at surgery). US results were true
positive for appendicitis in 84 patients (96.6%) and
true negative in 63 (98.4%). The false-negative and
false-positive rates were 3.4% (3/87) and 1.6%
(1/64), respectively (Table 3). Only 62 patients in
group B were enrolled because 25 patients were not
followed in the OPD and we failed to contact them
by telephone to document their post-discharge medical
course. Similarly, 22 patients in group A were not
enrolled for the cost analysis. Of the 113 surgically
proven cases of appendicitis in group A, the clinical
evaluation established 96 with “definite or most
likely appendicitis” and 17 with “not likely, but
cannot be excluded”. The latter could be defined as
false negative (17/113, 15%). Of the 83 patients with
a final diagnosis of another problem, 18 were
“definitely or most likely appendicitis” and 65 were
“not likely, but cannot be excluded”. This could be
defined as true negative (65/83, 78%). However, it
was suggested that all patients were observed for
a certain period of time either in the emergency
department or after hospital admission.
In group A, five patients had gangrenous appen-
dicitis and nine had a ruptured appendix, presenting
as phlegmon or abscess; the total complication rate
was 15.3% (14/91). In group B, there were two pa-
tients with gangrenous appendicitis and three
with a ruptured appendix (5/62, 8.0%). The total
hospital stay for the 62 patients with complete data
in group B data was 221 days (3.6 days/patient) and
354 days for the 91 patients in group A (3.9 days/
patient).
Table 1. The cost of medical care for patients in group A in NT$
Appendectomy or < 30,000 30,001–37,499 > 37,500 Total > 37,500 Total
relevant procedures (A) (B) FFS(–) (C) payment* FFS(+) (D) cases
Examinations, n (%) 993 (4.0) 1,386 (4.1) 2,037 (5.1) 1,122 (4.2) 252 (4.3) 1,257 (4.2)
Hospital bed, n (%) 2,605 (10.6) 4,000 (11.7) 6,400 (16.0) 3,046 (11.4) 7,425 (12.6) 3,500 (11.7)
Laboratory, n (%) 1,297 (5.3) 1,275 (3.7) 4,655 (11.6) 1,576 (5.9) 4,173 (7.1) 1,855 (6.2)
Medical imaging, n (%) 80 (0.3) 0 (0.0) 200 (0.5) 80 (0.3) 200 (0.3) 90 (0.3)
Management fee, n (%) 1,006 (4.1) 1,974 (5.8) 3,194 (8.0) 1,256 (4.7) 7,989 (13.5) 2,124 (7.1)
Surgical procedure, n (%) 9,558 (38.7) 9,882 (28.9) 8,262 (20.6) 9,457 (35.4) 11,918 (20.2) 9,364 (31.3)
Surgical anesthesia, n (%) 6,436 (26.1) 8,341 (24.4) 6,075 (15.1) 6,545 (24.5) 14,422 (24.4) 7,330 (24.5)
Special materials, n (%) 186 (0.8) 968 (2.8) 3,908 (9.7) 5,61 (2.1) 2,732 (4.6) 838 (2.8)
Medications, n (%) 1,845 (7.5) 5,542 (16.2) 4,141 (10.3) 2,351 (8.8) 6,204 (10.5) 2,752 (9.2)
Medications service, n (%) 301 (1.2) 420 (1.2) 630 (1.6) 347 (1.3) 735 (1.2) 389 (1.3)
Injection technique, n (%) 360 (1.5) 375 (1.1) 600 (1.5) 374 (1.4) 750 (1.3) 419 (1.4)
Subtotal 24,667 34,163 40,102 26,715 59,067 29,918
Patients, n 77 5 9 91 10 101
Hospital stay (days) 254 26 74 354 97 451
Total 1,899,359 170,815 360,918 2,4310,92 590,670 3,021,762
*Total payment was obtained from the average of columns A, B, and C. FFS(–) = fee for service not included; FFS(+) =
fee for service included.
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The average cost of hospital admission for ap-
pendectomy was NT$26,715 per patient in group A
and NT$24,505 in group B. In this study, US
examination for children with right lower quadrant
pain obviated a surgical procedure or unnecessary
admission to hospital for observation in 42% of
patients (64/151). We did not take this into account.
Cost savings per case were difficult to estimate ex-
actly because the reimbursements for appendectomy,
hospitalization, and the relevant surgical procedures
for complications of appendectomy were variable
during the study period. However, if we used the
reimbursement coded for 1998 (the last year of the
study), the total savings per patient was NT$2,210
(about US$69). If this was applied to the 165 patients
undergoing appendectomy in 1998, the total savings
Table 2. The cost of medical care for patients in group B in NT$
Appendectomy or < 30,000 30,001–37,499 > 37,500 Total > 37,500 Total
relevant procedures (A) (B) FFS(–) (C) payment* FFS(+) (D) cases
Examinations, n (%) 913 (3.9) 1,261 (3.8) 2,037 (4.9) 1,005 (4.1) 2,262 (3.9) 1,088 (4.1)
Hospital bed, n (%) 2,388 (10.2) 3,683 (11.1) 6,400 (17.1) 3,235 (13.2) 8,180 (14.1) 2,707 (10.2)
Laboratory, n (%) 1123 (4.8) 1,360 (4.1) 4,655 (11.6) 1,299 (5.3) 3,539 (6.1) 1,459 (5.5)
Medical imaging, n (%) 830 (3.5) 830 (2.5) 200 (-1.7) 784 (3.2) 4,350 (7.5) 876 (3.3)
Management fee, n (%) 936 (4.0) 1,925 (5.8) 3,194 (9.0) 1,201 (4.9) 6,439 (11.1) 1,672 (6.3)
Surgical procedure, n (%) 8,877 (37.9) 9,026 (27.2) 8,262 (18.5) 8,405 (34.3) 11,660 (20.1) 8,385 (31.6)
Surgical anesthesia, n (%) 5,621 (24.0) 7,333 (22.1) 6,075 (16.2) 5,563 (22.7) 12,358 (21.3) 6,342 (23.9)
Special materials, n (%) 280 (1.2) 929 (2.8) 3,908 (9.4) 466 (1.9) 2,378 (4.1) 690 (2.6)
Medication, n (%) 1,873 (8.0) 6,006 (18.1) 4,141 (12.2) 1,985 (8.1) 5,627 (9.7) 2,680 (10.1)
Medication service, n (%) 280 (1.2) 365 (1.1) 630 (1.4) 270 (1.1) 580 (1.0) 292 (1.1)
Injection technique, n (%) 304 (1.3) 465 (1.4) 600 (1.4) 294 (1.2) 638 (1.1) 345 (1.3)
Subtotal, n 23,425 33,182 39,241 24,505 58,012 26,536
Patients, n 57 2 3 62 4 66
Hospital stay (days) 185 11 25 221 41 262
Total 1,335,223 66,364 117,723 1,519,310 232,048 1,751,358
*Total payment was obtained from the average of columns A, B, and C. FFS(–) = fee for service not included; FFS(+) =
fee for service included.
(not only children) per year could be as high as
NT$364,650 (US$11,395).
A review of patient data from the same period
revealed that four patients in group B and 10 in
group A were referred for further evaluation from
other departments or hospitals. All patients had been
evaluated with either laboratory and/or various
imaging studies; however, the costs in other hospitals
were not included in our cost analysis. These studies
were used when the clinical pattern was bizarre. If
US was used, these patients could be enrolled in
group A or B, affecting the total cost. The savings
per patient would be NT$3,382 (US$106). The total
length of hospital stay was significantly longer and
the complication rate was significantly higher in
group A than in group B (p < 0.05).
DISCUSSION
In the past decade, abdominal US has been stressed
as a screening tool for patients with right lower
abdominal pain or suspected acute appendicitis [14,
16,17]. However, the overall efficacy of appendiceal
US in acute appendicitis with respect to effective
use of hospital resources has not been well studied.
To assess the medical and financial implications of
US imaging in patients with suspected acute ap-
Table 3. Ultrasound (US) findings and final diagnosis
in group B
US findings Appendicitis Alternate Total
diagnosis diagnosis
Positive 84 1 85
Negative 3 63 66
Total 87 64 151
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evaluated the added expense of performing routine
abdominal CT in patients with suspected appendicitis
and analyzed 1997 Medicare reimbursement rates
for these procedures [24]. They found that if a
hospital’s false-negative appendectomy rate was at
least 13–15%, it would be cost-effective to perform
abdominal CT in every patient with suspected appen-
dicitis to achieve a 7% false-negative appendectomy
rate. However, the billing and reimbursement for
pediatric services in the USA is a complicated process.
Most bills for pediatric surgical services (79%) are
reimbursed outright, while the remaining 21% of
bills are either denied or reimbursed only after aggres-
sive pursuit [27]. There may be some discrepancy
with the true savings. In addition, the reim-bursement
of surgical services in the USA is much higher than
in Taiwan (and Asian countries). The cost of CT
scan only accounts for a small percentage of total
hospital expenditure in the USA, but this is not the
case in Taiwan.
In another report, Martin et al found that the rate
of CT utilization in children increased from 1998
to 2001, and the rate of negative appendectomies
decreased from 10.9% in 1998 to 6.03% in 2001
[27]. The decrease is almost 50%, but this was not
statistically significant based on the number of patients
evaluated in their study (p < 0.20). They also found
that the benefit of decreasing negative appendectomy
rates levels off quickly once the rate of CT scan
utilization increases above 30% [27]. In addition,
potentially harmful radiation exposure with CT scan
should prompt pediatric surgeons to reevaluate the
role of CT scanning in managing children with
suspected appendicitis. We therefore believe that CT
should not be performed as a screening method for
pediatric patients with suspected appendicitis; it
should be reserved for confirmatory examination in
ambiguous cases after US study.
Our results showed that the routine use of appen-
diceal US in pediatric patients who meet clinical
criteria for suspected appendicitis may improve patient
care both by avoiding unnecessary appendectomy
and by averting delays before proper medical or sur-
gical treatment. The cost analysis demonstrated that
this imaging policy improved the use of hospital
resources because savings achieved by eliminating
unnecessary surgery and in-hospital observation
outweighed the cost of appendiceal US. Based on
this study, we believe that routine use of US in pe-
diatric patients with suspected acute appendicitis is
pendicitis, Ooms et al used graded compression US
over 4 years in patients who had clinically suspected
acute appendicitis but no signs of an appendiceal
mass [14]. They found that the false-negative
appendectomy rate decreased from 32% in 1985 to
12% in 1986 and to 7% in 1987–89. At the same
time, delay in treatment beyond 6 hours (due to
diagnostic uncertainty in patients with surgically
proven acute appendicitis), decreased from 11% to
4% to 2%, respectively, over the same periods. They
also noted that, although US enhanced diagnostic
accuracy, it could not entirely replace careful clinical
evaluation and observation. This was confirmed by
the fact that 1.6% of patients in this study who had
normal or nondiagnostic US results eventually
received a diagnosis of acute appendicitis. Rice et
al performed a cost analysis based on changes in
patient care and concluded that early use of US in
children leads to improved patient care and reduced
hospital resource utilization [16]. On the other hand,
Ford et al showed that the use of US does not im-
prove the diagnostic accuracy or selection of
treatment regimen in appendicitis [17]. These studies
did not analyze the cost based on changes in patient
care. Our results show that US is useful in patients
with clinically suspected acute appendicitis, decrea-
sing the false-negative appendectomy rate from
15.0% to 3.4% and delayed treatment from 15.3%
to 8.0%. In addition, phlegmonous appendicitis and
other causes of right lower abdominal pain were
diagnosed and unnecessary appendectomies were
avoided. Therefore, US-assisted diagnosis provided
more opportunities for conservative treatment of
patients with clinically suspected appendicitis.
Some investigators have noted that the judicious
use of CT in patients with equivocal clinical findings
results in lower false-negative appendectomy rates
when compared with the historic rate of 15–20%
seen with aggressive surgical intervention [23,24].
The use of CT can achieve an overall false-negative
appendectomy rate of 4–6% in patients with clinically
equivocal appendicitis and of 8.3% in female patients
of child-bearing age [24,25]. Rao et al presented a
cost analysis based on changes in patient care re-
sulting from the routine use of CT and concluded
that CT after instillation of diatrizoate meglumine-
saline solution in patients with suspected appendicitis
reduced the use of hospital resources [26]. This
technique saved US$447 per patient, higher than our
results (about US$69 per patient). Schuler et al
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worthwhile and may lower costs, shorten the hospital
stay, decrease the complication rate, and avoid
unnecessary surgery. However, further well-
performed cost-effectiveness studies are needed to
evaluate the utility of different diagnostic imaging
studies in this clinical setting.
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